Absfracf-A new rninhnax netsvork optimization algorithm not requiring derivatives has been developed. It is based on successive linear approximations to the nonlinesr functions defining the problem. Adequate modeliig of distributed parameter circuits for optimization purposes often involves parasitic, etc., which makes the gradient computation by the adjoint network method or related methods rather complicated, and often numerical errors are Mroduced in the gradients. Consequently, the algorithm is found to be of particular relevance in optimum design of practical microwave networks. The relative advantages of the proposed algorithm are established by comparison with known gradient and nongradient algorithms based on optimization of cascaded transmission-line transformers. The relevance to microwave filter design is demonstrated by an example which represents an improvement of analytical filter design results. Finally, optimum broad-band design of a practical coaxial transferred-electron reflection-type amplilier is carried out by means of the proposed method. The results are supported by experimental verification.
I. INTRODUCTION
I N A RECENT panel discussion [1] , it was generally agreed that even if a number of automated optimization algorithms have been published during the past years, only a few examples of practical use to real microwave circuit design problems have appeared in the literature. This is particularly true when methods that make use of objective function derivatives are considered. We think that one of the reasons for this is that although very eficient methods for gradient computations have been developed [2] , these methods are not easily implemented for microwave circuits described by dktributed parameters for the following reasons. When adequately modeling a microwave circuit for optimization purposes, parasitic and junction effects must be taken into account in order to establish correlation with measured.performance at a later stage of the design process. However, such effects most often have to be included in the circuit model by tabulated data eventually represented by function approximations.
One is therefore well motivated to try to develop efficient (13) is satisfied, we let~k+l = II hk I[ .
The choice of constants in formulas (11 )-( 13) is based on our experience with the algorithm. In the special iterations, the directions hk are found as in [18] and the step length is~k. hk k a muhiple of the first row in an orthogonal n X n matrix Dk which has the property that the space spanned by the last j rows in Dk is the same as the space spanned by the firsts elements in the sequence hk-1,hk--z,"" =, s being chosen as small as possible. In these iterations ik+l = hk, and xk+l = Xk unless
in which CaSe xk+l = xk + hk.
For the sake of clarity, a flow diagram of the algorithm is shown in Fig. 1 .
In [20] it is shown that the method has sure convergence properties, and also that if the problem under consideration is nonsingular, then the final rate of convergence is superlinear.
B. Practical Implementation
The 
where Pj is the complex reflection coefficient at the jth sample frequency with the eleven normalized sample frequencies being given as (0.5, 0.6, 0.7, 0.77, 0.9, 1.0, 1.1, 1.23, 1.3, 1.4, 1.5) in the three-section case and being equidistantly spaced in the two-section case. The basis of algorithm comparisons will be the total number of transformer response evaluations required to bring the maximum reflection coefficient within 0.01 percent of its optimum value in the two-section case and within five correct digits in the three-section case. In Fig. 3 
the value of (17) 
IV. IMPROVED DESIGN OF INTERDIGITAL FILTERS
Consider the interdigital filter shown in Fig. 5(a) , wherẽ~h ort.circuited lines of equal electrical length @are 10cated above a common ground plane. Fig. 5(b) is a crosssectional representation of the filter. The distributed capacitance parameters Ci and Ct,+l are defined as follows:
Ci capacitance to ground per unit length for the ith conductor; C<,i+l mutual capacitance per unit length between the ith and the (i + 1) th conductors.
Coupling between nonadjacent lines is assumed negligible. A seven-section
Chebyshev bandpass filter having the relative bandwidth w = 0.6 and O.ldB passband ripple is designed using the procedure developed by Pang [21] .
It is known that the filter may be chosen symmetrical, thus leaving four self-capacitances and three mutual capacitances to be determined.
The impedance level iti each .7r/4) ).
The computed response of the filter is shown in Fig. 6 . The maximum VSWR in the passband is 1.34.
In order to improve the filter response, an optimization design process is carried out under the following conditions. 1) The capacitance values obtained by the approximate design are used as initial values.
2) The stopband attenuation at 1.0 GHz shall be retained.
3) The three degrees of freedom are utilized to set Cl,, = C,,z = Ct,, and C, = Ct, thus leaving only four parameters to be varied.
The problem is to minimize max, jj (x), where I Pj(x), in the passband fj(x) = Pj (X) -PO, in the stopband.
PO corresponds to the insertion loss at 1.0 GHz, and Pi (x) is the insertion loss at the jth frequency. Sixty-one uniformly spaced frequencies were selected from the passband, and a single frequency, namely 1.0 GHz, from the stopband.
With e = 10__5 (Fig. 1) , 25 filter response evaluations were necessary in order to obtain convergence.
The optimized response is shown in Fig. 6 , and the corresponding capacitance values are shown in Table III . As can be seen from Fig. 6, a reduction of the maximum VSWR has been achieved, the maximum value in the passband being 1.29.
2A private communication with the author has revealed that the o timum choice of the parameter h should read h = 1/(co)llz instead i' o (CO) I/z ss stated in the original paper. It is noticed that an exact equiripple response has been obtained.
Comparing the capacitance values of the initial and the optimized design, a slight increase of all the values is noticed.
As a future refinement of the optimization, it is foreseen to include the effects of end capacitances so that the computer model more closely will resemble the physical structure of the filter. Taking these and other nonideal effects into account, the design procedure will have been extended beyond the point where any exact 'analytical method can be applied. [22] . AS the negative resistance of the TED is frequency dependent, it is "preferable to make use of a computer-aided design approach to achieve a specified amplifier response [23~[25] .
In this section we report on the application of the proposed minimax algorithm in designing a multiple-section coaxial transformer for gain equalization, taking into account step capacitances and losses. The structure under consideration is shown in Fig. 7(a) and an equivalent diagram in Fig. 7(b) , the dis- capacitances Cl -C%being given in [26] , [27] . The packaged GaAs TED is represented by its measured small-signal impedance Z~ (Fig. 8 ) and the load impedance ZL is also included by measured data exhibiting a VSWR .
up to 1.4 within the frequent y band of interest. In Fig. 9 the experimental setup "is sketched, indicating that if a circulator is introduced its frequent y chari~cteristic, together with the bias network, may be described by ZL Table IV , convergence was obtained after 61 response evaluations to an acc~racy of c = 10-3 (Fig. 1) . The final parameter values are also found in Table IV . Fig. 10 [20] work optimization," IEEE Trans.
